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FIG. 3 
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FIG. 5 
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WAFER POLISHING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a polishing apparatus, and 
more particularly to a wafer polishing apparatus for polish 
ing a wafer in the process of fabricating a semiconductor 
integrated circuit. 

2. Description of the Prior Art 
FIG. 1 of the accompanying drawings shows a conven 

tional wafer polishing apparatus. 
As shown in FIG. 1, the wafer polishing apparatus pri 

marily includes a wafer chuck 62 for holding a wafer 61 with 
the surface to be polished being directed downward, the 
wafer chuck 62 being rotatable in the direction indicated by 
arrow B by a ?rst drive means (not shown) and reciprocally 
movable in the directions indicated by arrows C by a 
reciprocating means (not shown), a surface plate 67 with a 
polishing cloth pad 64 attached thereto larger in diameter 
than the wafer 61, the surface plate 67 being rotatable in the 
direction indicated by arrow A, which is the same direction 
as direction B, by a second drive means (not shown), a pair 
of nozzles 65 for supplying a slurry 66 used as a polishing 
solution to the polishing cloth pad 64, and a pressing means 
(not shown) for pressing, by way of the wafer chuck 62, the 
wafer 61 against the polishing cloth pad 64. 
The wafer 61 may be held by the wafer chuck 62 by either 

suction by a vacuum or adherence by wax, a solution, or 
water. A ?ange may be used to secure the outer circumfer 
ential edge of the wafer 61 in order to prevent displacement 
of the wafer 61. The polishing cloth pad 64 has a radius 
which is about twice the diameter of the wafer 61. The size 
of the surface plate 67 is about ?ve times the size of the 
wafer 61. The slurry 66 comprises a suspension composed of 
a mixture of an aqueous solution of KOH and a ?ne powder 
of silicon oxide. 

To polish the wafer 61, the wafer 61 is ?xed to the wafer 
chuck 62 with the surface to be polished being directed 
downward, and the wafer 61 is pressed against the surface 
plate 67 by way of wafer chuck 62. With the slurry 66 
supplied from the nozzles 65 to the polishing cloth pad 64, 
the wafer chuck 62 is rotated in direction B and the surface 
plate 67 is rotated in directions A, i.e., in the same direction, 
while at the same time the wafer chuck 62 is reciprocally 
moved, thereby polishing the wafer 61. At this time, the 
wafer 61 is pressed against the polishing cloth pad 64 by the 
pressing means under a pressure of about 500 g/cm2 through 
the wafer chuck 62. The slurry 66 is supplied at a rate of 
about 50 ml/min., the surface plate 67 is rotated at a speed 
of about 40 rpm, the wafer chuck 62 is rotated at a speed of 
about 40 rpm, and the wafer chuck 62 makes 10-20 recip 
rocating movements per minute. In this manner, a plasma 
CVD silicon oxide ?lm on the surface of the wafer 61 is 
polished at a rate of about 100 nrn/min. The length of the 
stroke of reciprocal movement of the wafer chuck 62 is 
about the same as the radius of the wafer 61. Some wafer 
polishing apparatus have a plurality of wafer chucks to 
increase the number of wafers that can be polished per unit 
time. 

According to recent processes used in fabricating semi 
conductor integrated circuits, wafers are polished to a mirror 
?nish, and attempts are also made to ?atten surface irregu 
larities of interlayer insulating ?lms and conductive ?lms 
during the formation of devices on wafer surfaces. 
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2 
When the conventional wafer polishing apparatus is used 

to ?atten such surface irregularities, the following problems 
arise: First, it is difficult to optimize the polishing perfor 
mance. Second, is difficult to provide optimum polishing 
conditions for different products. Third, the form of the 
polishing apparatus is not well suited to present semicon 
ductor fabrication environments, and hence there are 
obstacles to the smooth introduction of the wafer polishing 
apparatus. These problems will be described in detail below. 

Surface irregularities (I) of devices which are produced in 
the device fabrication process are caused by patterning of 
interconnections or the like. The surface irregularities have 
intervals ranging from submicrons to millimeters, and 
heights of about 1 micron. In addition, surface irregularities 
(II) may result from ridges in the wafer surface due to 
irregular wafer ?lm thicknesses before a device is fabricated, 
or the wafer itself may suffer warpage owing to stresses 
caused by heating or ?lm growth steps while a device is 
being fabricated. These surface irregularities (I) and (II) may 
be simultaneously present at intervals of centimeters and 
heights of submicrons or more. Polishing must remove the 
former surface irregularities (I), without removing the latter 
surface irregularities (II). While the polishing pad has opti 
mized thickness and resilience to ?atten the surface irregu 
larities in the conventional polishing apparatus, it is very 
di?icult to make ?ne adjustment and achieve uniformity of 
the material of the polishing pad, resulting in a failure to 
obtain the required polishing performance. 
The second problem, i.e., the di?iculty of providing 

optimum polishing conditions for different products, makes 
it di?icult to produce the application-speci?c integrated 
circuits (ASICs) that account for a large proportion of 
presently fabricated types of semiconductor integrated cir 
cuits. A high density of surface convexities are polished to 
a smaller degree than a low density of surface convexities. 
Diiferent product types have different interconnection pat~ 
terns, resulting in different densities of wafer surface irregu 
larities. Since different product types therefore have differ 
ent characteristics when under-going polishing, it is difficult 
to control the production of ASICs, which are a typical 
example of an article manufactured in many product types in 
small quantities. 
The third problem, the di?iculty of introducing polishing 

apparatus to present fabrication environments, involves 
limitations on installation sites for the wafer polishing 
apparatus. Since the slurry is a mixture of an aqueous 
solution of KOH and a ?ne powder of silicon oxide, the 
polishing apparatus itself is a source of dust particles and 
alkaline metal. The surface plate and neighboring parts may 
be enclosed within a sealing structure to prevent contami 
nation of the area, but because the surface plate is large, the 
sealing structure will also be large in volume and di?icult to 
keep clean. Opening of the sealing structure to service the 
wafer polishing apparatus results in contamination of the 
semiconductor fabrication site by dust particles and alkaline 
metal. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a wafer polishing apparatus which provides improved wafer 
polishing performance, allows easy modi?cation of polish 
ing conditions during the process of fabricating semicon 
ductor devices, and allows easy installation in a semicon 
ductor fabrication site. 
To achieve the above object, there is provided in accor 

dance with the present invention a wafer polishing apparatus 
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comprising an upwardly directed wafer chuck for holding a 
wafer to be polished upon a surface thereof, ?rst drive means 
for rotating the wafer chuck, polishing solution supply 
means for supplying a polishing solution to the wafer held 
by the wafer chuck, a polishing head smaller in diameter 
than the wafer for holding a polishing pad which is smaller 
in diameter than the wafer, second drive means for rotating 
the polishing head, reciprocating means for reciprocally 
moving the polishing head, and pressing means for pressing 
the polishing pad against the wafer held by the wafer chuck 
by way of the polishing head. 
The polishing pad may have a diameter substantially 

equal to the interval of undulations on the wafer. 

A plurality of polishing heads may be provided for 
holding respective polishing pads of different types. 

Since the polishing pad is relatively small in diameter, it 
readily follows a wafer surface which undulates at a small 
interval of about 1 cm. The wafer polishing apparatus can 
thus e?iciently polish off surface irregularities caused by the 
interconnection pattern or the like without removing those 
surface irregularities which are produced by thickness 
irregularities or warpage of the wafer. 

The relatively small polishing head design allows the 
wafer polishing apparatus to have a plurality of polishing 
heads to be used with one wafer chuck, with a different type 
of polishing cloth pad being attached to each polishing head. 
A desired polishing head may be selected for use depending 
on the pattern of surface irregularities to be polished off. 

Because the surface of the wafer to be polished is directed 
upward, the slurry need only be supplied to the upper surface 
of the wafer. If the wafer chuck and neighboring components 
to which the slurry is applied are encased in a sealing 
structure, the sealing structure may be about V100 the size of 
the conventional sealing structure. 

Inasmuch as the diameter of the polishing pad is substan 
tially equal to the interval of undulations of the wafer, the 
polishing head is well-adapted to following the wafer sur 
face. 

The above and other objects, features, and advantages of 
the present invention will become apparent from the fol 
lowing description when taken in conjunction with the 
accompanying drawings which illustrate preferred embodi 
ments of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front elevational view of a conventional wafer 
polishing apparatus; 

FIG. 2 is a front elevational view of a wafer polishing 
apparatus according to a ?rst embodiment of the present 
invention; 

FIG. 3 is a plan view of the wafer polishing apparatus 
shown in FIG. 2; 

FIG. 4 is a front elevational view of a wafer polishing 
apparatus according to a second embodiment of the present 
invention; and 

FIG. 5 is a plan view of the wafer polishing apparatus 
shown in FIG. 4. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

lst Embodiment: 
FIGS. 2 and 3 show a wafer polishing apparatus according 

to a ?rst embodiment of the present invention. As shown in 
FIGS. 2 and 3, the wafer polishing apparatus according to 
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4 
the ?rst embodiment comprises a wafer chuck 2 for holding 
a wafer 1 with the surface to be polished directed upward, 
the wafer chuck 2 being rotatable by a ?rst drive means (to 
be described) in the direction indicated by arrow A; a pair of 
nozzles 5a, 512 provided as a polishing solution supply 
means for supplying respective slurries 6a, 6b as a polishing 
solution to the wafer 1; a polishing head 3 for holding a 
polishing cloth pad 4 smaller in diameter than the wafer 1, 
the polishing head 3 being rotatable by a second drive means 
(to be described) in the direction indicated by arrow B, 
which is the same direction as direction A, and being 
reciprocally movable by a reciprocating means (to be 
described) along the surface of the wafer 1 to be polished in 
the directions indicated by arrows C; and a polishing head 
load adjusting air cylinder 10 provided as a pressing means 
for pressing the polishing cloth pad 4 against the wafer 1 by 
way of the polishing head 3. The polishing head 3 is smaller 
in diameter than the wafer 1. 

The wafer chuck 2 has substantially the same diameter as 
the wafer 1, and hence is much smaller than the conventional 
surface plate. The polishing head _3, which has a diameter of 
about 1 cm, is disposed to confront the wafer chuck 2, and 
the polishing cloth pad 4, which also has a diameter of about 
1 cm, is attached to the polishing head 3. The stroke of 
reciprocal movement of the polishing head 3 is about the 
same as the radius of the wafer 1. The wafer 1 comprises a 
silicon substrate, for example. Since such a silicon substrate 
has surface undulations at an interval of about 1 cm, the 
polishing head 3 and the polishing cloth pad 4 are both of a 
diameter of about 1 cm, as described above. 
The wafer chuck 2 is rotated in direction A by a wafer 

chuck rotation motor 7 provided as the ?rst drive means. An 
arm driving motor 8 serving as the reciprocating means has 
a rotatable output shaft 8a whose distal end is operatively 
coupled to one end of a polishing head reciprocating arm 9 
which is angularly movable in a plane vertical to that of FIG. 
2 as shown in FIG. 3. A polishing head rotation motor 11 
provided as a second drive means is ?xed to the other end 
of the polishing head reciprocating arm 9. The polishing 
head rotation motor 11 has a rotatable output shaft 11a 
coupled through a resilient joint 12 to the polishing head 3, 
which can be rotated in direction B by the polishing head 
rotation motor 11. The arm driving motor 8 causes the 
polishing head reciprocating arm 9, and hence the polishing 
head rotation motor 11, to reciprocate in an arcuate path 
indicated by arrow C (see FIG. 3) about the output shaft 8a. 
The polishing head load adjusting air cylinder 10 is provided 
as a pressing means and is connected between an interme 
diate portion of the polishing head reciprocating arm 9 and 
the output shaft 8a of the arm driving motor 8. When the 
polishing head load adjusting air cylinder 10 is actuated to 
pull the polishing head reciprocating arm 9 downward, the 
polishing head 3 is pressed down toward the wafer chuck 2. 
The force with which the polishing head 3 is pressed down 
toward the wafer chuck 2 can be adjusted by varying the 
length of a projecting rod of the polishing head load adjust 
ing air cylinder 10. 

In operation, the wafer 1 with the surface to be polished 
directed upward is ?xed to the wafer chuck 2, and the wafer 
chuck 2 is rotated at a speed of about 50 rpm. At the same 
time, the slurries 6a, 6b are supplied to the upper surface of 
the wafer 1 at a rate of about 10 ml/min. The polishing head 
3 is rotated at a speed of about 1000 rpm, and the polishing 
cloth pad 4 is pressed against the upper surface of the wafer 
1 under a pressure of about 500 glcmz. Simultaneously, the 
polishing head 3 is reciprocally moved across the upper 
surface of the wafer 1 to polish the wafer 1. The stroke of 



5,542,874 
5 

reciprocal movement of the polishing head 3 is about the 
same as the radius of the wafer 1. 

Preferably, the wafer chuck 2 is rotated at a speed ranging 
from 10 to 1000 rpm, the polishing cloth pad 4 is rotated at 
a speed ranging from 10 to 2000 rpm, the polishing head 3 
makes 10 to 100 reciprocating movements per minute, and 
the polishing head load adjusting air cylinder 10 exerts a 
pressure in the range of from about 10 to 500 glcmz. 
Inasmuch as the polishing head 3 is smaller than conven— 
tional polishing heads, it is preferable to increase the rota 
tional speed of the polishing head 3 proportionally. 
2nd Embodiment: 

FIGS. 4 and 5 show a wafer polishing apparatus according 
to a second embodiment of the present invention. 
The wafer polishing apparatus according to the second 

embodiment has a plurality (in the illustrated embodiment, 
a pair) of polishing heads 23 with different types of polishing 
cloth pads 24 attached respectively thereto. A desired pol 
ishing head 23 is selected and used depending on the type of 
a wafer to be polished, i.e., depending on the pattern of 
surface irregularities on the wafer to be polished. Conse— 
quently, the wafer polishing apparatus according to the 
second embodiment allows easy selection of optimum pol 
ishing conditions suitable for the pattern of surface irregu 
larities of a wafer to be polished. Each of the polishing heads 
23 is associated with its own drive means and reciprocating 
means. Speci?cally, the polishing heads 23 are combined 
with respective arm driving motors 28, 48, respective pol 
ishing head reciprocating arms 29, 49, respective air cylin 
ders 30, 50, and respective polishing head rotation motors 
31, 51. The polishing heads 23 are positioned such that they 
will not physically interfere with each other and with 
nozzles 25a, 25b which supply respective slurries 26a, 26b. 
The other structural details of the wafer polishing apparatus 
according to the second embodiment are the same as those 
of the wafer polishing apparatus according to the ?rst 
embodiment shown in FIGS. 2 and 3. 

While the wafer polishing apparatus according to the 
second embodiment is shown as having two polishing heads, 
a wafer polishing apparatus may have three or more polish 
ing heads and three or more sets of parts associated there 
with. 

In each of the above embodiments, the wafer is rotated in 
the same direction as the direction in which the polishing 
cloth pad is rotated. However, the wafer and the polishing 
cloth pad may be rotated in diiferent directions. The polish 
ing head or heads are shown as being reciprocally moved 
along an arcuate path about the output shaft or shafts of the 
arm driving motor or motors. However, the polishing head 
or heads may be reciprocally movable along a straight path. 
Each of the wafer polishing apparatus according to the 

present invention offers the following advantages: 
Since the polishing head is relatively small in diameter, 

the polishing head can follow the wafer surface which 
undulates at a small interval of about 1 cm. The wafer 
polishing apparatus can thus e?iciently polish off surface 
irregularities caused by the interconnection pattern or the 
like without removing those surface irregularities which are 
produced by thickness irregularities or warpage of the wafer. 
Therefore, the wafer polishing apparatus provides optimized 
polishing performance. 
The relatively small‘ polishing head design allows the 

wafer polishing apparatus to have a plurality of polishing 
heads for one wafer chuck, with polishing cloth pads of 
different types being attached to the respective polishing 
heads. A desired polishing head is selected and used depend 
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ing on the pattern of surface irregularities to be polished off. 
Accordingly, optimum polishing conditions can easily be 
selected depending on the type of surface irregularities to be 
removed. The pressing means and the wafer polishing 
apparatus can be reduced in size, with the result that the 
installation space and weight of the wafer polishing appa 
ratus can also be reduced. The wafer polishing apparatus 
may easily be provided with a number of polishing units for 
increasing the number of wafers that can be polished per unit 
time. 

Because the surface of the wafer to be polished is directed 
upward, the slurry need only be supplied to the upper surface 
of the wafer. The amount of slurry that must be supplied may 
thus be relatively small, thereby lowering the running cost of 
the wafer polishing apparatus. If the wafer chuck and 
neighboring components to which the slurry is applied are 
encased in a sealing structure, the sealing structure may be 
of a size which is about 1/1oo of the size of the conventional 
sealing structure. Therefore, the interior of the sealing struc 
ture can easily be cleaned, and the scattering of any dust 
particles and alkaline metal when the sealing structure is 
opened is minimized, as is any contamination which is 
caused by scattered dust particles and alkaline metal. Such 
reduced contamination facilitates the introduction of the 
wafer polishing apparatus into a semiconductor fabrication 
site. 
Inasmuch as the diameter of the polishing cloth pad is 

substantially equal to the interval of undulations of the 
wafer, the polishing head is well-suited to following the 
wafer surface. 

Although certain preferred embodiments of the present 
invention have been shown and described in detail, it should 
be understood that various changes and modi?cations may 
be made therein without departing from the scope of the 
appended claims. 
What is claimed is: 
1. A wafer polishing apparatus comprising: 
a wafer chuck for holding a wafer with a surface to be 

polished thereof being directed upward; 
?rst drive means for rotating said wafer chuck; 
polishing solution supply means for supplying a polishing 

solution to the wafer held by said wafer chuck; 
a polishing head which is smaller in diameter than the 

wafer; ‘ 

a polishing pad which is smaller in diameter than the 
wafer, said polished pad being attached to said polish 
ing head; 

second drive means for rotating said polishing head; 
reciprocating means for reciprocally moving said pol 
ishing head on said surface to be polished; and 

pressing means for pressing said polishing pad against a 
wafer held by said wafer chuck by way of said polish~ 
ing head. 

2. A wafer polishing apparatus according to claim 1 
wherein said polishing pad has a diameter substantially 
equal to an interval of undulations of the wafer. 

3. A wafer polishing apparatus according to claim 1 
comprising a plurality of polishing heads for holding a 
corresponding plurality of polishing pads of dilferent types. 

4. A wafer polishing apparatus according to claim 2 
comprising a plurality of polishing heads for holding a 
corresponding plurality of polishing pads of different types. 
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